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ABSTRACT 

This   investigation  was  concerned  with  the   photochemical  de- 
composition of  nitramines,    particularly  N-nitropyrrolidine  and 
N,N-dinitropiperazine.     Photolyses  were   carried   out   in   solution  and 
in  the  solid  state.     Intermediates  were  identified  by  spectroscopic 
studies  and  by  synthesis. 

On  the  basis   of  the  intermediates,    products,    and   spectroscopy 
of  products,    a   mechanism  for  the   photochemical  decomposition  of 
N-nitropyrrolidine  was   postulated. 
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I.      INTRODUCTION 

The  nitramines  are  a  class  of  compounds  which  contain  the  group 
N-NO    .     Most  of  these  compounds  are  potentially  explosive  and,  in 
fact,  RDX  and  HMX,  two  members  of  this  class,  are  commonly  used  in 
military  explosives.    In  spite  of  this,  very  few  studies  have  been  made 
on  the  nitramines . 

The  thermal  sensitivity  and  decomposition  of  RDX  and  HMX  are  the 
most  studied  aspects  of  this  class.    Almost  no  published  work  exists  on 
the  photolysis  of  these  compounds.    What  has  been  done     leaves  the 
mechanism  of  photochemical  decomposition  open  to  question. 

RuX  and  HMX  are  relatively  complex  compounds  containing  several 
N-NO     groups.     It  was  therefore  decided  to  study  more  simple  members 
of  the  class  in  an  effort  to  elucidate  the  mechanism  of  photochemical 
decomposition. 


II.      HISTORICAL 

Because  of  their  potential  and,  in  some  cases,  use  as  military- 
explosives,  the  thermal  stability  of  nitramines  has  been  the  subject  of 
some  recent  studies.     Differential  thermal  analysis  studies  on  nitramines 
was  carried  out  by  Carignan  and  Satriana  [  1]       All  but  three  of  the  nitra- 
mines studied  by  them  decomposed  at  high  temperatures  but  no  clear 
relation  between  structure  and  the  decomposition  temperature  could  be 
detected.    No  attempt  was  made  to  identify  the  products  of  decomposition 

Several  studies  on  the  thermal  decomposition  of  RDX  (1 , 3  ,5-trinitro- 
1 ,3  ,  5-triazacyclohexane)  and  HMX  (1 ,  3  ,  5  ,  7-tetranitro-l  ,3  ,  5  ,  7-tetra- 
azacyclooccane;  have  been  carried  out.     The  pfcicenLayu  uf  piOuUoLs  of 
decomposition  as  measured  by  mass  spectrometry  are  listed  in  Table  I. 


TABLE   I 


Investigator 
Nitramine 

Suryanara^ 

N20 

HMX 

NO 

40 

N2 

9.9 

HCN 

9.6 

CH20 

4.5 

C02 

8.5 

CO 

8.5 

H2          • 

4.1 

H20 

HMX 


major 


Robertson  [4] 


major 


b 


HMX 

RDX 

38.5 

14.0 

16.6 

17.2 

18.5 

34.4 

a 

present 

present 

9.4 

22.4 

16.4 

11.8 

0.2 

a 


present 


rent 


a.  In  those  areas  marked  "major,"    or  "present,"  the  quantity- 
was  not  reoorted. 

b.  Robertson  reported  "considerable  solid  residue"  from  the 
thermal  decomposition. 


Based  on  N-15  tracer  studies,  Surayanarayana  proposed  the  follow- 
ing mechanism  for  the  thermal  decomposition  of  HMX. 
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In  studies  on  the  thermal  decomposition  products  of  dimethylnitra- 
mine,  Flournoy  [5]  was  able  to  establish  that  the  overall  reaction  was 
first  order  and  unaffected  by  the  addition  of  NO. 

In  196  7,  Suryanarayana    [6]    reported  that  the  ultraviolet  photolysis 
of  HMX  caused  the  solid  state  transitions  to  occur  at  reduced  tempera- 
tures.   No  photolysis  products  were  reported.    The  first  mechansim  for 
the  photolysis  of  HMX  was  suggested  by  Maycock  [7].     His  mechanism 
which  supported  his  major  gaseous  products  N     and  CH   0  was  as 


follows: 
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Torbit    [8]   found  that  the  photolysis  products  varied  with  the  con- 
ditions of  photolysis.    Thus,  in  acetone  solution  the  products  were  N    , 
C2H2  ,      02,  C02,  and  N20;  for  the  solid  vacuo,  N2#  C2  H2,  C   H4 , 
CH  0,  and  NO.    The  mechanism  proposed  to  account  for  these  products 
is  shown  below: 
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A  solid  photolysis  residue  was  also  reported  but  no  attempt  at 
classification  was  made. 

A  study  on  the  photolysis  of  RDX  in  acetonitrile  was  carried  out  by 
Darnez  [9]  .    They  reported  that  a  radical  was  visible  in  the  esr 
spectrum  of  the  solution  during  irradiation.     No  attempt  was  made  to 
identify  the  radical  or  the  irradiation  products. 
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Cyclic  Nitroxides 

Cyclic  nitroxides  of  the  type    RCf  r^     have  been  obtained 

during  the  photolysis  of  the  parent  hydroxy!  a  mines    [1CT]  .     In  the  cases 
where  R  =  H,  the  radicals  have  been  short-lived  intermediates  which 
could  only  be  detected  by  ESR  techniques.     If,  however,  alkyl  groups  are 
substituted  forR,  the  stability  increases  markedly.     2  ,2  ,  6  ,  6-tetramethyi 
4-piperidinol  N-oxide  (I),  for  instance,  can  be  recrystallized  and  stored 
It  undergoes  reactions  quite  independent  of  the  radical    [11]    and  its 
mass  spectrum  has  been  determined.    [12] 


OH 


H  ,C 


CH 


H8(Tr^CHs 

3  0 

The  mechanism  for  decay  of  nitroxides  having  a     3-hydrogen  has 
been  proposed    [13]    as  a  bimolecular  mechanism  giving  the  nitrone  and 


the  hydroxylamine 

o 


o 


■» 


4- 


The  ability  of  the  nitroxide  to  abstract  a  proton  has  been  proven  by 
Keana    [14]   in  the  case  of  4-hydroxy-2  ,  2  ,6  ,6-tetramethyl-l-oxyl .     It 
has  been  shown  by  Kaminsky  and  Lamchen    [15]    and  others,  that  the 
photolysis  of  cyclic  nitrones  gives  oxaziridines .    Kaminsky  and  Lamchen 
also  found  other  products   upon   further  photolysis   of  the  oxaziridine. 
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The  mechanisms  which  they  propose  in  the  case  of  2,4,4-trimethyl-l- 
pyrroline  is  as  follows: 


The  oxaziridine  ion  has  also  been  found  to  be  an  important  inter- 
mediate in  the  mass  spectral  fragmentation  of  nitrones   [16]  . 
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III.      EXPERIMENTAL 

A.         SYNTHESIS 

1 .         Piperazine  Dihydrochloride 

This  preparation  was  adapted  from  that  of  George  and  Wright 
Cl7].      1 1 . 0  g.  of  piperazine  (anhydrous)  were  placed  in  a  150  ml  flask. 
50  ml  of  H?0  were  added  and  the  solution  was  stirred  until  the  majority 
of  the  piperazine  had  dissolved.     50  ml  of  concentrated  (12.1  M)  HC1 
was  added  slowly  causing  the  reaction  mixture  to  heat  and  the  remainder 
of  the  piperazine  to  dissolve. 

The  liquid  was  evaporated  at  reduced  pressure  and  the  solid 
residue  was  dissolved  in  a  small  amount  of  boiling  K„0,  cooled  slowly 
to  0°C,  and  then  reprecipitated  by  addition  of  100%  ethanol.    A  yield  of 
15.0  g(61%)  of  shiny  white  needles  was  obtained.    The  melting  point 
obtained,  318°C/  agreed  with  that  obtained  by  George  and  Wright. 
2  .         N ,  N-Dinitropiperazine 

This  preparation  was  adapted  from  that  of  George  and  Wright 
[17]    . 

In  a  round  bottom  3 -neck  flask  was  mixed  15  ml  of  Red 
Fuming  Nitric  acid,  20  ml  acetic  anhydride,  and  15  ml  acetic  acid.    The 
acid  solution  was  kept  under  nitrogen  provided  at  just  over  atmospheric 
pressure  from  a  tank  to  the  flask  through  an  adapter  fitted  to  one  neck 
of  the  flask.    The  flask  was  kept  stirred  in  an  ice-water  bath  and  5. 1  g. 
of  piperazine  dihydrochloride  was  added  during  25  minutes,    the 
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temperature  never  being  allowed  to  exceed  10 °C.      After  one-half  hour  of 
stirring  at  0-5 °C,  the  solution  was  stirred  at  room  temperature  for  74 
hours.    At  the  end  of  this  time,  35  ml  of  HO  was  added  and  the  liquid 
was  then  removed  at  reduced  pressure.    The  crude  product,  yield  5.2  g 
(92.3%)  was  recrystallized  from  acetic  acid  and  then  recrystallized 
twice  more  from  boiling  water.    The  final  yield  was  4.7  g  (83.4%)  of 
shiny  needles  which  melted  at  216-217°C.    George  and  Wright  reported 
a  melting  point  of    214.  8-2 16  °C. 
3 .         N  -Formylpyrrolidine 

This  preparation  was  adapted  from  that  of  Coburn  and 
Ungnade  [18]  . 

30  ml  of  pyrrolidine  was  refluxed  for  2  hours  with  16  ml  of 
97%  formic  acid.    The  reaction  mixture  was  distilled,  the  N-formyl- 
pyrrolidine  being  collected  at  155  °C  at  a  pressure  of  25  Torr. 

The  yield  was  13.4  g  (52%)  o::  N-formylpyrrolidine,  a  color- 
less liquid. 

4  •         N-Nitropyrrolidine 

This  preparation  was  adapted  from  that  of  Cobum  and 
Ungnade  [18]  . 

50  ml  of  trifluoroacetic  acid  and  50  ml  of  acetic  anhydride  were 
cooled  to  0°C  in  a  round  bottom  flask.    The  solution  was  kept  at  a  temper- 
ature of  less  than  3°C  by  a  salt-ice-water  bath  while  35  ml  of  red  fuming 
nitric  acid  was  added  with  stirring.      13.4  g  of  N-formylpyrrolidine  was 
added  over  a  one-half  hour  period.    The  temperature  was  not  allowed  tc 
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exceed  5°C  during  this  addition.    The  solution  was  stirred  at  room 
temperature  for  one  hour  and  poured  into  100  g  of  ice.    The  organic  layer 
was  extracted  with  250  ml  of  CH  CI     which  was  then  dried  over 
magnesium  sulphate.    Evaporation  of  the  CH  CI     gave  8 . 1  g  of  N-nitro- 
pyrrolidine  as  a  light  yellow  solid.    Two  recrystallizations  from  hot 
heptane  gave  7.6  g  (32%)  of  shiny  white  needles  with  a  melting  point  of 
56  °C.     Coburn  and  Ungnade  reported  a  meLting  point  of  58-5  9°C. 
5 .         2-Pyrrolidone 

This   preparation  was  adapted  from  that  of  Spath  and 
Lintner  [19]  . 

The  pressure  chamber  of  the  Parr  Hydrogenator  was  cooled 
with  liquid  nitrogen  until  liquid  NH    would  remain  in  the  chamber  without 
evaporation.     80  ml  of  liquid  NH     and  100  ml  of    Y-butyrolactone  v/ere 
then  added,  to  the  chamber  and  it  was  sealed.    When  the  chamber  had 
risen  to  room  temperature  as  evidenced  by  the  disappearance  of  frost 
from  the  outside  surface,  it  was  wiped  dry  externally  and  placed  in  the 
heating  chamber  of  the  hydrogenator.    The  temperature  of  the  hydrogena- 
tor was  then  raised  to  200  °C.      The  temperature  in  the  hydrogenator  was 
maintained  between  183  °C  and  217°C  for  2  hours  during  which  period 
the  pressure  varied  between  2250  psig  and  1700' psig.         At  the  end  of 
this  period  ,  the  hydrogenator  was  cooled  to  100 °C,  at  which  time  the 
excess  NH~  was  vented.    When  the  hydrogenator  had  cooled  to  50 °C, 
the  pressure  chamber  was  removed  and  the  contents  distilled  at  reduced 
pressure. 
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The  2-pyrrolidone  was  collected  at  83-87°C  at  a  pressure 
of  3  Torr.  Any  Y-butyrolactone  which  had  codistilled  was  removed  by 
freezing  out  the  pyrrolidone  at  -5°C     and  pouring  off  the  lactone.    The 

identity  of  the  lactam  was  established  by  ir  and  nmr    spectra.    The  ir 

-1  -1  -1 

spectrum  showed  bands  at  3300  cm      ,  2900  cm      ,   1625  cm      ,  and 

1275  cm      .    The   nmr   spectrum  peaks  are  listed  in  section  E.3  of  the 
Results.    The  final  yield  was  42  g  (41%)  of  2-pyrrolidone. 
6  .         N -Hydroxy pyrrolidine 

This   preparation  was  adapted  from  that  of  Ruppert    [20]  . 

15  ml  of  ethyl  formate  and  60  ml  of  30%  HO     were  added 
slowly  to  20  ml  of  pyrrolidine  in  a  150  ml  flask;  stirred,  and  cooled  in 
an  ice-water  bath.    The  temperature  reached  90 °C  during  addition. 

The  reaction  mixture  was  extracted  with  CH   Cl0.    The  solvent 

2  L. 

was  extracted  from  the  organic  layer  and  the  remaining  viscous  liquid  v/as 
distilled  in  vaccuo  and  the  product  collected  at  70-75 °C  at  3  Torr. 

The  product  was  a  colorless  liquid  which  quickly  yellowed 
on  contact  with  the  air.    The  final  yield  was  15  g  (18%).     Identity  of  the 
product  was  checked  by   nmr   and  ir  spectra.    The   nmr    spectrum  peaks 

are  listed  in  section  E.  1  of  the  Results.    The  ir  spectrum  showed  peaks 

-1  -1  -1 

at  3400  cm      ,  2900  cm      ,  and  1615  cm      . 

7 .         Succinic  Anhydride 

150  g  of  succinic  acid,  50  ml  of  acetic  acid,  and  150  ml  of 
acetic  anhydride  were  refluxed  for  16  hours  in  a  round  bottom  flask  fitted 
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with  a  refluxing  condenser.    The  solution  was  cooled  and  the  liquid 
poured  off.    The  solid  product  was  washed  several  times  with  anhydrous 
ether  then  dried  in  a  vacuum  desiccator  at    100  y  pressure.  The  yield  was 
107  g  (84%)  of  shiny  white  needles  which  melted  at  119°C. 
8 .         N-Hydroxysuccinimide 

This    preparation  was  adapted  from  that  of  Anderson, 
Zimmerman,    and  Callahan  [21]  . 

50  g  of  carefully  dried  succinic  anhydride  and  35  g  of  dried 
hydroxylamine  hydrochloride  were  combined  in  a  500  ml  round-bottom 
flask  on  a  rotary  evaporator.    The  flask  was  rapidly  heated  to  135 °C  on 
an  oil  bath,  volatile  components  being  removed  under  vacuum  from 
aspirator  and  caught  in  an  ice-water  cooled  condenser  and  dry  ice  trap. 
Fusion  occurred  with  the  evolution  of  gases  and  an  amber  liquid  formed 
during  the  next  hour  as  the  temperature  was  slowly  raised  to  160°C. 
Heating  was  then  discontinued.    When  the  temperature  had  dropped  to 
125°,  the  liquid  was  poured  into  200  ml  of  rapidly  stirred  anhydrous 
ether.    After  the  product  had  solidified,  the  ether  was  decanted  and  the 
residue  heated  to  boiling  with  2  00  ml  of  dry  n-butanol.    The  mixture  was 
filtered  and  the  filtrate  rapidly  chilled  to  0°C.    After  one  hour,  the 
crystalline  product  was  collected  by  filtration  ,and  washed  with  n-butanol 
and  ether.    The  crude  product  was  recrystallized  twice  from  hot  ethyl 
acetate.    The  final  product  was  a  white  crystalline  solid  which  melted 
at  99 °C.    The  yield  was  10  g  (18%).    Anderson  et  al  reported  the  same 
melting  point. 


9 .  A-I-Pyrroline  -  Oxide 

This   preparation  was   adapted  from  that  of  Bonnet    [22]  . 

1.3  g  of  N -Hydroxy pyrrolidine  in  50  ml  of  chloroform  were 
placed  in  a  250  ml  Erlemeyer  flask  fitted  with  a  cork.     5  g  of  red  mer- 
curic oxide  were  added  and  the  solution  was  stirred  very  rapidly  for  one 
hour  and  forty-five  minutes.    An  additional  2  g  of  red  mercuric  oxide  were 
added  and  stirring  was  continued  for  an  additional  two  hours. 

The  solution  was  filtered  and  the  solvent  evaporated  from  the 
filtrate  in  a  rotary  evaporator.    The  residue,  a  viscous  dark  red-brown 
liquid  was  stored  in  the  dark  for  24  hours.      After  this  time,  the  hydro- 
xy lamine  was  evaporated  at  100  V  pressure  and  the  infrared     spectrum  of 
the  product,  a  waxy  brown  solid  was  obtained.    The  infrared  spectrum 

was  virtually  identical  to  that  obtained  by  Thesing  and  Sirrenberg    [23] 

-1  -1  -1 

for  the  nitrone,  with  peaks  at  3400  cm      ,  2900  cm      ,   1615  cm      ,  and 

1350  cm      .    These  authors  obtained  an  ultraviolet  spectrum  with  *  max 

at  232  n  m. 

The  waxy  solid  was  dissolved  in  absolute  methanol  and  the 
solvent  was  evaporated  in  the  fume  hood.    A  white  solid  was  seen  to 
form  during  evaporation  of  the  solvent  but  it  was  not  isolated. 

Addition  of  acetone  to  the  residue  resulted  in  formation  of 
some  red-brown  solid.    The  infrared  spectrum  of  this  solid  was  obtained. 
It  contained  peaks  at  the  same  wavelengths  as  the  nitrone. 
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B.         ELECTRON  SPIN  RESONANCE  STUDIES 

1 .  Dinitropiperazine 

a .  In  solution 

A  solution  of  dinitropiperazine  0.09  M  in  dimethyl  - 
formamide  was  placed  in  a  flow  apparatus  in  the  Electron  Paramagnetic 
Resonance  Spectrometer.   Nitrogen  gas  was  bubbled  through  the  system  to 
purge  it  of  any  entrapped  air.    The  cavity  of  the  spectrometer  was  irradi- 
ated with  a  Christie  200  watt  ultraviolet  radiation  source.    The  solution 
was  flowed  at  various  speeds  through  the  cavity  and  the  electron  spin 
resonance  spectra  were  recorded.     It  was  found  that  flowing  or  not  flowing 
the  solution  had  very  little  effect.    After  the  solution  had  been  removed 
from  the  spectrometer  a  sample  of  pure  dimethylformamide  was  irradiated 
with  the  same  source  to  confirm  that  it  was  the  nitramine  and  not  the 
solvent  which  gave  the  esr  signal.    This  esr  spectrum  and  those  of  other 
compounds  mentioned  here  are  shown  in  the  Results. 

b.  A  4mm  quartz  esr  tube  was  filled  to  a  depth  of  about 

li  inches  with  dinitropiperazine.    This  tube  was  irradiated  for  10  minutes 
with  a  200  watt  ultraviolet  radiation  source.    The  tube  was  then  placed 
in  the  cavity  of  the  esr  spectrometer.    The  esr  signal  of  the  solid  powder 
was  obtained.  ' 

2.  RDX 

In  a  similar  manner  to  that  for  dinitropiperazine,  a  solid 
sample  of  RDX  was  photolyzed    for  45  minutes  and  the  esr  signal  of  the 
solid  powder  was  obtained. 
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3.  HMX 

A  sample  of  solid  HMX  was  photolyzed  under  conditions 
identical  to  those  used  for  RDX  and  for  the  same  period,  and  the  esr 
signal  was  obtained. 

4 .  N-Nitropyrrolidine 

A  solution  of  nitropyrrolidine  in  PDCC  was  photolyzed  in  a 
0.5  mm  flat  cell  in  the  cavity  of  the  esr  spectrometer.    The  solution  esr 
signal  was  obtained. 

5  .         N -Hydroxys uccinimide 

A  solution  of  N-Hydroxysuccinimide,   100  mg  in  10  ml  of 
DPCC  was  photolyzed  in  a  0.5  mm  flat  cell  in  the  cavity  of  the  esr 
spectrometer.    A  weak  esr  signal  of  the  solution  v/as  obtained. 

C.         MASS  SPECTRAL  STUDIES 

All  of  the  mass  spectra  were  obtained  in  the  CEC  Type  21-103 
Mass  Spectrometer. 

1 .         Dinitropiperazine 

a.         Photolysis  with  no  filter 

A  sample  of  approximately  100  mg  was  dissolved  in 

sufficient  acetonitrile  to  make  a  saturated  solution.    The  solution  was 

placed  in  a  solution  combined  10  cm  uv  -  ir  gas  cell.    The  solvent  was 

i 

evaporated  under  reduced  pressure  and  the  dinitropiperazine  deposited 
in  a  thin  layer  on  the  quartz  window.    The  cell  was  evacuated  at  20  y 
pressure  for  12  hours.    The  cell  was  irradiated  for  24   hours  with  an 
Oriel   200  watt  ultraviolet  radiation   source.    The   uv   source  was    shut 
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down  and  the  volatile  photolysis  products  collected  in  a  200  ml  gas  cell 
which  had  been  evacuated  to  20  y  .    The  contents  of  this  cell  were 
examined  in  the  mass  spectrometer  at  ionizing  voltages  of  20  v  and  70  v. 
b.         Photolysis  with  2  70  nm  filter 

The  procedure  used  was  similar  to  that  above  except 
that  the  uv  source  was  a  Christie  200  watt  uv  source  and  a  270  nm  filter 
was  placed  between  the  source  and  the  cell  in  an  effort  to  minimize 
interaction  between  NO  gas  and  other  products.    The  ionizing  voltages 
used  in  this  case  were  16  V  and  70  V. 
2 .         N-Nitropyrrolidine 

a.  Photolysis  with  no  filter 

A  similar  procedure  to  that  used  for  dinitropiperazine 
was  used  for  nitropyrrolidine .     In  this  case  the  photolysis  was  carried 
out  on  the  sample  deposited  on  the  uv  window  of  a  combined  uv/ir  gas 
cell.    The  pressure  to  which  the  sample  was  evacuated  was  50  y  ,  the 
vapour  pressure  of  nitropyrrolidine  at  15 °C.    The  Oriel  uv  source  was 
used  in  this  case. 

b.  Photolysis  with  2  70  nm  filter 

In  this  instance,  the  sample  was  deposited  on  a 

i 

quartz  window  of  a  cell  equipped  with  a  water  jacket  to  keep  the  reaction 
temperature  constant  at  15  °C.    A  2  70  nm  filter  was  fitted  over  the  quartz 
window  to  minimize  reactions  of  the  NO  gas.    This  procedure  was  re- 
peated on  another  occasion  but  the  270  nm  filter  was  suspected  of  no 
longer  being  effective. 
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c.         Attempt  at  low  temperature  fractionation  of 
gaseous  products 

A  sample  of  nitropyrrolicine  was  deposited  from 
CH   CI     on  the  uv  window  of  the  combined  uv/irgas  cell.    The  cell 
was  pumped  down  to  100  V  pressure  after  having  been  evacuated  at  100 
Torr  for  12  hours.     It  was  shown  from  the  mass  spectra  that  this  pro- 
cedure resulted  in  some  CH^C10    remaining  which  contaminated  the 

2       2 

photolysis  products.    After  24  hour  photolysis  using  the  270  nm  filter, 
the  cell  was  placed  on  the  vacuum  system  and  placed  in  parallel  at  a 
system  pressure  of  less  than  one  with  a  200  ml  gas  cell  cooled  to 
-100 °C  with  an  ethanol-liquid  nitrogen  slurry.      After  one-half  hour, 
a  liquid  nitrogen  trap  was  placed  under  the  combined  uv/ir  cell  and 
the  system  allowed  to  equilibrate  for  5  minutes  after  which  the  cells 
were  isolated.     Mass  spectra  were  obtained  of  both  gaseous  mixtures. 
3 .         N-Nitropiperidine 

a.  Two  ml  of  N-nitropiperidine  were  placed  in  a  quaitz 
walled  cell  and  evacuated  to  50  u  pressure  at  -198 °C.     The  cell  was  then 
irradiated  with  the  Christie  200  watt  uv  source  for  24  hours  and  the 
gaseous  products  collected  in  a  200  ml  gas  cell  which  had  been  evacu- 
ated to  20    y  .    The  gases  were  examined  in  the  mass  spectrometer  at  an 
ionizing  voltage  of  70  V. 

b.  Photolysis  with  270  nm  filter 

Two  ml  of  N-nitropiperidine  were  evacuated  to  500  y 
pressure  in  the  water  cooled  cell.     This  procedure  did  not  successfully 
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remove  all  the  air  from  the  system.    After  24  hours  photolysis  with  the 
Christie  uv  source  and  the  270  nm  filter  which  was  only  partially  effec- 
tive due  to  heavy  use,  the  gaseous  products  were  collected  in  a  200  ml 
gas  cell.    The  gaseous  products  were  examined  in  the  mass  spectrometer 
at  ionizing  voltages  of  16  V  and  70  V. 

4  .         4 -Methyl -1-Nitropiperidine 

Two  ml  of  4-methyl-nitropiperidine  were  evacuated  until 
boiling  commenced  (500  V   pressure)  in  the  water  cooled  cell.     Photolysis 
was  carried  out  for  24  hours  using  the  Christie    200  watt  uv  source  and 
the  partially  effective  270  nm  filter.    The  gaseous  products  were  col- 
lected in  a  200  ml  gas  cell  and  examined  in  the  mass  spectrometer  at 
ionizing  voltages  of  16  V  and  70  V. 

5 .         N-Hydroxypyrrolidine/NO 

Two  ml  of  N -hydroxy pyrrolidine  were  placed    in  the  water 
cooled  cell.    The  cell  was  then  evacuated  to  a  pressure  of  1  Torr.    NO 
gas    was  introduced  into  the  cell  in  such  a  manner  as  to  minimize  con- 
tact with  air.    The  NO  gas  and  the  hydroxylamine  wercallowed  to  equili- 
brate for  one-half  hour.    The  mixture  was  photolyzed  for  24  hours  using 
the  Christie  uv  source.    At  the  end  of  this  period,  the  gaseous  products 
were  collected  in  a  50  ml  gas  cell  and  examined  in  the  mass 
spectrometer. 
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D.  KINETIC  STUDIES  OF  PHOTOLYSIS  OF  NITROPYRROLIDINE 

1 .  Nitropyrrolidine  in  n-heptane 

-4 
A  solution  of  nitropyrrolidine  2.5x10       M  in  n-heptane 

(spectral  grade)  was  photolyzed  in  a  uv  cuvette.    The  uv  spectrum  of 

the  sample  as  compared  with  that  of  a  sample  of  n-heptane  (reference) 

was  recorded  at  the  following  photolysis  intervals  (minutes):      0.0, 

0.25,  0.5,   0.75,   1.0,   1.5,  2.0,  3.0,  4.0,  5.0,   10.0,   20.0,   30.0, 

40.0. 

Photolysis  was  carried  out  with  the  Oriel  uv  source.    No 

filter  was  used. 

2 .  Nitropyrrolidine/Acrylonitrile 

A  solution  of  nitropyrrolidine  0.864  M  in  acrylonitrile  was 
prepared.      One     VU  of  this  solution  was  added  to  25  ml  n-heptane. 
Photolysis  was  carried  out  in  a  similar  manner  to  that  given  above.     In 
this  instance  the  sample  uv  spectrum  was  obtained  at  periods  of  (minutes) 
0.0,   10,  20,  30,  40,  50,   60,   70,  80,   90,    100,    120,   140,   160,   200. 

Nitramine  concentration  at  the  beginning  of  this  study  was 
3.96  x  10~5  M. 

E.  ATTEMPTED  ADD UCT  FORMATION 

1 .         Photo-adduct  of  Photolysis  Products  of  N-Nitropyrrolidine 
and  Acrylonitrile 
a.         Photolysis  in  the  absence  of  a  filter 

A  solution  of  N-Nitropyrrolidine  0.864  M  in  acrylo- 
nitrile was   prepared  and  photolyzed.         The  appearance  and  ir 
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spectrum  of  the   solution  were   examined  at  the  intervals  given   in 
Table  II. 

TABLE   II 
Appearance  of  Solution  during  Photolysis:    N-Nitropyrrolidine  in 
Acrylonitrile. 


Photolysis  Period 
(hours) 


Appearance 


4 
8 

24 

45 


Very  pale  yellow  liquid 

Deep  yellow  liquid 

Yellow-orange   liquid 

Orange-brown  liquid  containing  a  small 
amount  of  dark,  solid. 

Red -brown  liquid  containing  a  large 
amount  of  dark  solid. 

Very  dark  brown  oily  solution. 


An  attempt  was  made  to  isolate  the  products  by  column 
chromatography  but  only  a  red-yellow  oil,  an  unknown  solid  product, 
and  starting  material  could  be  isolated.      The  products  were  also  exam- 
ined at  the  same  intervals  by  gas  chromatography.    The  liquid  and  resi- 
due remaining  on  completion  were  examined  in  the  same  manner. 
b.         Photolysis  with  a  23  0  nm  filter 

A  solution  of  0.747  g  of  nitropyrrolidine  in  0.5  ml  of 
acrylonitrile  was  placed  in  a  4mm  esr  tube  for  photolysis.  This  gave  a 
14%  excess  of  acrylonitrile.    The  solution  was  photolyzed  and  examined 
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in  the  Hitachi-Perkin  Elmer  Model  R2  0A  Nuclear  Magnetic  Resonance 
Spectrometer  at  intervals  of  photolysis  to  24  hours.    This  was  accom- 
plished by  placing  the  4mm  esr  tube  inside  a  5mm  nmr  tube.    After 
photolysis,  an  attempt  was  made  to  separate  the  photolysis  products 
but  again  only  starting  material,  an  unknown  white  crystalline  solid, 
and  a  red-brown  oil  were  recovered. 

c.         Photolysis  in  a  50/50  dioxane:  acrylonitrile 

solution  using  a  2 90  nm  filter 

290.5  mg  of  nitropyrrolidine  was  dissolved  in  5  ml  of 
dioxane  and  5  ml  of  acrylonitrile.    The  solution  was  placed  in  the  water- 
jacketed  cell  and  photolyzed  for  50  hours  using  the  Christie  uv  radiation 
source  and  a  290  nm  filter. 

At  the  end  of  the  photolysis  period,  there  remained  a 
cream-colored  solid  (187  mg)  and  approximately  8  ml  of  a  yellow  liquid. 

The  solid  did  not  melt  below  200 °C  and  slowly  turned 
brown  on  heating.    Some  areas  turned  a  dark  red-brown  upon  heating, 
indicating  a  heterogeneous  system.    Treating  the  solid  with  hot  heptane 
and  then  washing  the  remainder  with  CHC1     resulted  in  a  recovery  of 
starting  material  and  a  red-brown  oil  plus  a  gray-white  solid.     No  adduct 
was  found.     Distillation  of  5  ml  of  the  liquid  phase  resulted  in  recovery 
of  a  solid  which  recrystallized  from  hot  heptane  and  in  the  ir  resembled 
nitropyrrolidine  except  for  a  peak  at  2200  cm       indicating  some  nitrile 
present.    The  nmr  spectrum  obtained  from  this  product  was  that  of  nitro- 
pyrrolidine.    It  was  thus  assumed  that  no  adduct  had  formed. 
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2.         Dark  Phase  Adduct  of  Photolysed  Dinitropiperazine  and 

Acrylonitrile 

0.500  g  of  dinitropiperazine  was  photolysed  in  a  uv  cuvette 
for  24  hours  with  the  Christie  uv  radiation  source  and  a  270  nm  filter. 
After  photolysis,  the  solid  was  dissolved  in  10  ml  of  acrylonitrile  and 
stored  in  the  dark  for  3  0  days . 

The  product  (50  mg) ,  which  was  soluble  in  acetone,  was 
dissolved  in  d-6  acetone  and  the  nmr  spectrum  obtained.    This  indicated 
a  complex  series  of  peaks  belonging  in  all  probability  to  several  pro- 
ducts.   An  attempt  was  made  to  separate  the  yellow,  semi-solid  products 
by  column  chromatography. 

A  10  mm  column  was  made  up  of  activity  one  alumina  in  5/1 

ethyl  acetate-chloroform.    The  products  which  were  soluble  in  5/1  Et- 

oAc/CHCl     were  added  to  the  column  in  this  solution  and  the  column 

was  eluted  with  8  ml  of  5/1  EtoAc/CHCl    .     The  products  soluble  in 

ethanol  and  acetonitrile  were  then  added  to  the  column  in  their  respective 

solvents.    The  column  was  then  eluted  with  the  following  solvents: 

10  ml  of  EtoAc-CHCl     (5/1) 

16  ml  of  chloroform 

16  ml  of  ethanol 

16  ml  of  acetome 

16  ml  of  acetonitrile 

16  ml  of  acetone 

16  ml  of  3/1  acetone -water 
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16  ml  of  1/1  acetone -water 
16  ml  of  1/3  acetone -water 
16  ml  of  water. 

None  of  these  elutions  resulted  in  recovery  of  any  material 
other  than  a  white  solid  whose  infrared  spectrum  very  closely  resembled 
that  of  dinitropiperazine. 

3 .         Dark  Phase  Adduct  of  Photolyzed  N-Nitropyrrolidine  and 

Acrylonitrile 

361  mg  of  nitropyrrolidine  were  photolyzed  in  the  water- 
jacketed  cell  for  25  hours  30  minutes  using  the  Christie  uv  source  and 
no  filter.    The  products  of  photolysis  were  then  dissolved  in  10  ml  of 
acrylonitrile  and  stored  in  the  dark  for  4  7  hours. 

At  this  time,  the  solvent  was  evaporated  and  the  products 
examined.    A  yellow  solid  remained  which  gave  the  same  nmr  spectrum  as 
nitropyrrolidine  in  deuterochloroform.    The  product  was  recrystallized 
from  hot  heptane.     134.5  mg  of  nitropyrrolidine  were  recovered  from  hot 
heptane.    A  red-yellow  oil  which  was  insoluble  in  heptane  was  recovered. 
This  product  was  shown  by  the  ir  spectrum  to  be  the  same  red-yellow  oil 
recovered  from  all  previous  attempts  to  form  a  nitropyrrolidine-acryloni- 
trile  adduct.    The  ir  spectrum  showed  no  evidence  of  a  nitrile  peak,  but 
showed  peaks  at  3300  cm      ,  2900  cm      ,   1615  cm      ,  and  1450  cm 
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F.  NUCLEAR  MAGNETIC  RESONANCE  SPECTROMETRY  STUDIES 
OF  SUSPECTED  INTERMEDIATES 

1.  N-Hydroxypyrrolidine 

2.0  ml  of  n-hydroxypyrrolidine  were  photolyzed  in  the  water- 
jacketed  cell  for  16  hours.    The  sample  was  then  decanted  and  a  portion 
of  it  examined  for  changes  of  the  nmr  spectrum.    The  nmr  spectrum  of 
this  and  the  other  studies  mentioned  here  are  included  in  the  Results. 

2 .  N-Hydroxypyrrolidine/NO 

The  liquid  products  from  mass  spectral  study  were  examined 
for  changes  in  the  nmr  spectrum.    The  products  were  then  distilled  to 
remove  starting  material  and  the  ir  spectra  of  the  oily  residue  was  exam- 
ined for  similarities  to  the  products  of  photolysis  of  nitropyrrolidine. 

3 .  2-Pyrrolidone 

2.0  ml  of  2-pyrrolidone  were  photolyzed  for  24  hours  in  the 
water-jacketed  cell.    The  nmr  spectrum  of  the  products  was  then  examined 
for  changes. 

G.  GASEOUS  INFRA-RED  ABSORPTION  STUDY 

The  gaseous  products  from  the  photolysis  of  dinitropiperazine  in  the 
absence  of  any  filter  were  examined  spectrophotometrically  in  the  infra- 
red region  before  being  used  for  mass  spectral  determinations.    The  infra- 
red spectrum  of  the  gases  was  obtained  on  the  Perkin-Elmer  33  7 
Spectrophotometer . 
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H.         THERMAL  SENSITIVITY  OF  N  ,N-DINITROPIPERAZINE 

The  samples  listed  below  were  placed  in  an  oven  for  one  hour  in 
an  effort  to  determine  the  effect  of  high  temperatures  on  N,  N-dinitropi- 
perazine.    The  infra-red  and  nuclear  magnetic  resonance  spectra  were 
then  obtained  in  an  effort  to  determine  whether  or  not  any  chemical  de- 
composition had  occurred. 

Sample  1 . 

Oven  temperature:        150 °C 


Weight  loss: 


0.784  -  0.0723  =  0.0061  gm 


%  weight  loss  =  7.8% 


Sample  2 . 

Oven  temperature:        180°C 


Weight  loss: 


0.0973  -  0.0527  =  0.0446  gm, 


%  weight  loss  •-  4  5.8% 


Sample  3  . 


Oven  temperature:        200°C 


Weight  loss: 


0.0903  -  0.0110  =  0.793  gm 


%  weight  loss  =  87.8% 


I. 


IMPACT  SENSITIVITY 


The  impact  sensitivity  of  N,  N-dinitropiperazine  was  obtained  with 
the  aid  of  Mr.  R.S.  Watkins  on  the  Impact  Sensitivity  apparatus  described 
in  reference   [24]  .         The  point  for  50%  detonation  probability  obtained 
in  this  manner  was  115  cm. 
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J.  PHOTOLYSIS  SOLID  PRODUCT  IDENTIFICATION 

The  non-gaseous  final  products  of  the  photolysis  of  solid  N-nitro- 
pyrrolidine  or  of  the  nitramine  in  solution  appear  to  have  been  the  same. 
These  were  a  yellow  oil  or  oils  and  a  white  crystalline  solid  which  may 
have  been  a  mixture  of  several  products  and  was  called  X.    The  same 
product,    X,     was  obtained  from  the  photolysis  of  N,N-dinitropiperazine 
and  by  Mr.  Bodnar  [25]     from  the  photolysis  of  N-nitropiperidine. 

Solubility  tests  on  X  were  carried  out.    It  was  soluble  in  ethanol, 
concentrated  HCl  ,  water,  dimethylformamide ,  and  hot  acetonitrile.    X 
was  insoluble  in  methanol,  acetone,  ether,  hexane,  and  concentrated 
NaOH. 

A  sodium  fusion  test  was  carried  out  with  negative  results.    This 
would  indicate  that  either  X  does  not  contain  nitrogen  or  that  any  nitrogen 
was  lost  as  gaseous  products  in  the  fusion.    X  does  not  give  a  positive 
nitramine  test  or  a  positive  nitro  group  test. 

An  attempt  was  made  to  determine  the  structure  of  X  from  the  nuclear 
magnetic  resonance  spectrum.    The  test  was  a  failure.    A  solution  of 
30  mg  per  ml  had  been  attempted  but  this  proved  to  be  above  the  satura- 
tion limit  for  X  in  D_0.    Addition  of  deuteroacetic  acid  allowed  complete 
solvation  but  no  nmr  signal  was  detected.    The  only  visible  change  was 
the  increase  in  the  size  of  the  acidic  proton  peak  of  the  deuteroacetic 
acid  indicating  hydrogen  exchange  with  X.     Similar  results  in  DO  were 
obtained  with  N-hydroxysuccinimide.  The   ultraviolet   spectrum  of  X  in 

ethanol  indicated  no  uv  absorption  above  220  nm. 
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The  infra-red  absorption  spectrum  was  very  complex.    The  ir  spectrum 
is  included  in  the  Results  section  of  this  report  as  Figure    9.       On  the  basis 
of  the  sodium  fusion  test  and  the  solubility  of  X,  it  was  included  in  the 
solubility  class   S       [26]    .     This  indicates  the  possibility  of  a  polyol, 
simple  sugar  or  carbohydrate.    A  Schiff  test  carried  out  on  X  was  negative. 
Treatment  of  X  with  periodate  before  the  Schiff  s  test  gave  the  same  results. 

Melting  point  data  obtained  on  X  indicated  that  either  it  was  a  mix- 
ture of  compounds  or  a  compound  with  no  definite  melting  point.    It  softens 
slightly  at  185 °C,  undergoes  partial  decomposition  at  195 °C,  turning  a 
red -brown  color  at  that  time,  but  does  not  completely  melt  below  300°C. 

Mr.  Bodnar  obtained  a  positive  Tollen's  reagent  test  on  the  yellow 
oil  which  is  produced  from  the  photolysis  of  N-nitropyrrolidine.    A  similar 
test  run  on  X  was  negative. 
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IV.      RESULTS 

A.         ELECTRON  SPIN  RESONANCE  STUDIES 

When  N,N-dinitropiperazine     0.09  M  in  d  i  methyl  forma  m  id  e  was 
photolyzed,  an  esr  signal  was  seen.    This  was  the  first  concrete  evidence 
of  a  radical  mechanism  for  the  photochemical  decomposition  of  N,N-dini- 
tropiperazine.     Professor  Tolles,  an  Electron  Spin  Resonance  Spectro- 
scopist,  stated  that  the  spectrum  was  probably  that  of  a  nitroxide.    This 
was  later  proven  correct  by  Mr.  Bodnar  [25]  .    The  esr  signal  (Figure  1) 
obtained  in  solution  had  a  half-life  of  6  seconds.       Photolysis  of  the 
solvent  alone  confirmed  that  the  esr  signal  was  from  the  nitramine  and  not 
from  the  solvent. 

Photolysis  of  the  solid  powder  N,N-dinitropiperazine  was  carried 
out  at  a  location  remote  from  the  spectrometer  and  the  photolyzed  sample 
was  then  transported  to  the  esr  spectrometer.    The  signal  obtained 
(Figure  2)  was  confirmed  by  Mr.  Bodnar    [25]    by  single  crystal  studies 
to  be  the  nitroxide.    The  esr  signal  showed  no  visible  attenuation  one- 
half  hour  after  the  photolysis  had  ceased  and  a  weak  signal  was  detect- 
able two  days  later. 

Photolysis  of  RDX  in  the  solid  powder  form,  carried  out  in  the  same 
manner  as  for  N,N-dinitropiperazine,  gave  an  esr  signal  (Figure  3).    This 
also  was  identified  by  Mr.  Bodnar  [25]  as  the  nitroxide  on  the  basis  of 
single  crystal  studies.    The  photolysis  of  HMX  produced  a  much  weaker 
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esr  signal    (Figure  4).    The  signal  appeared,  however,  to  be  identical  to 
that  obtained  from  RDX.    This  would  seem  to  indicate  that  the  same  or  a 
very  similar  nitroxide  was  formed  in  the  photolysis  of  these  two  nitramines. 
No  attempt  was  made  to  definitely  classify  che  esr  spectrum  obtained  in 
this  case. 

It  was  expected  that  photolysis  of  N-Hydroxysuccinimide    (I)  would 
give  a  simple  3 -line  spectrum.    This  proved  to  be  the  case.    The  spectrum 
was,  however,  very  weak  indicating  that  either  the  nitroxide  had  a  very 
short  half-life  or  that  the  molecule  had  a  very  weak  absorption  in  the 
ultraviolet.    The  esr  spectrum  is  shown  in  Figure  5. 


0  H 


The  photolysis  of  N-nitropyrrolidine  in  solution  also  yielded  a 
nitroxide  intermediate  visible  in  the  Electron  Spin  Resonance  Spectro- 
meter   (Figure  6) . 

B.  MASS  SPECTRAL  STUDIES 

The  first  appempts  at  photolysis  of  N  ,N-dinitropiperazine  used  a 
similar  procedure  as  had  been  used  by  Torbit,  J.B.  [8]  .    The  photolyses 
were  carried  out  with  the  nitramine  deposited  on  the  quartz  window  of  the 
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combined  uv/ir  gas  cell.     Upon  discovery  of  the  nitroxide  mechanism,  it 
was  considered  surprising  that  there  were  almost  as  intense  peaks  at 
M/E  28  as  at  M/E  30. 

Since  this  was  believed  to  be  due  to  photochemical  smog  reactions, 
it  was  decided  to  use  a  filter  in  other  photolyses  to  minimize  these  reac- 
tions.   The  270  nm  filter  was  chosen  since  this  wavelength  corresponded 
to  a  low  point  in  the  uv  absorption  spectrum  of  nitric  oxide  gas    [27]  . 
The  differences  in  the  mass  spectra  which  followed  are  readily  apparent 
from  comparison  of  columns  1  and  3,  and  2  and  4,  of  Table  III. 
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TABLE   III 
Mass  Spectra  of  Gaseous  Products  (at  very  Low  Pressures)  of  Photolysis 
of  N,N-Dinitropiperazine 


Ionizing  Voltage 
Filter  used 
M/E 

PEAK       INTENSITY 

20  V 

70  V 

16  V 

70V 

None 

None 

2  70  nm 

270nm 

1 

2 

3 

4 

12 

10.5 

7.5 

13 

2.5 

1.5 

14 

66.5 

32.5 

Not 

Not 

15 

4 

3 

Recorded 

Recorded 

16 

19 

11 

17 

6 

3.5 

18 

28 

9.5 

25 

- 

1 

26 

5.5 

3 

0.5 

4.5 

27 

13.5 

8 

2 

9.5 

28 

65 

37 

11.5 

24.5 

29 

8.5 

4 

2 

3.5 

30 

100 

100 

100 

100 

31 

4 

2 

3.5 

5 

32 

3 

2 

- 

1 

35 

- 

- 

- 

7 

36 

- 

- 

- 

1.5 

37    . 

- 

- 

- 

4.5 

38 

4 

3 

— 

3 
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TABLE  III  (continued) 


Ionizing  Voltage 
Filter  used 
M/E 

PEAK        INTENSITY 

20  V 

70  V 

16  V 

70  V 

None 

None 

270nm 

270nm 

1 

2 

3 

4 

39 

10 

4.5 

0.5 

11 

40 

19 

11.5 

0.5 

5.5 

41 

41 

22 

7.5 

19 

42 

6 

2.5 

3.5 

16.5 

43 

7.5 

3.5 

5.5 

22 

44 

70 

60 

4 

21 

45 

2 

2 

0.5 

2 

46 

1 

1 

- 

1 

47 

- 

- 

1.5 

iq 

1 

48 

- 

- 

0.5 

9 

49 

3 

0.5 

0.5 

6.5 

50 

- 

- 

- 

3 

51 

1 

1 

- 

53 

1 

1 

- 

54 

1 

1 

- 

55 

- 

- 

- 

56 

9 

4 

- 

57 

8.5 

3.5 

2 

3.5 

58 

- 

0.5 

0.5 

1.5 

68 

- 

- 

1 

6 

69 

2 

1 

3 

13.5 

70 

- 

- 

1.5 

9.5 

71 

— 

1.5 

6.5 
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TABLE  III  (continued) 


Ionizing  Voltage 
Filter  used 
M/E 

PEAK      INTENSITY 

20  V 

70  V 

16  V 

70  V 

None 

None 

270  nm 

270nm 

1 

2 

3 

4 

72 

79 

81 

83 

85 

86 

87 

117 

118 

119 

120 

7.5 

1 

1 

0.5 

2 
1 

7.5 
4.5 
0.25 
0.5 

1 

1 
1 
1 
1 

An  even  greater  disparity  between  the  predicted  and  experimental 
peak  ratios  for  M/E  28  and  3  0  occurred  in  the  case  of  the  photolysis  of 
N-nitropyrrolidine.    This  changed  markedly  with  the  use  of  the  270  nm 
filter    to  limit  the  effects  of  NO.     Comparison  of  columns  2  and  3  of 
Table  IV  shows  the  effect  of  the  use  of  a  filter  on  the  photolysis  products' 
mass  spectra. 
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TABLE   IV 


Mass  Spectra  of  Very  Low  Pressure  Gaseous  Photolysis  Products  of 


N-Nitro  pyrrolidine 


[onizing  Voltage 
Filter 
M/E 

PEAK       INTENSITY 

20  V 

70  V 

70  V 

None 

None 

270nm 

1 

2 

3 

12 

- 

2 

1 

13 

- 

0.25 

0.5 

14 

8.5 

27 

- 

1  t; 

2 

2 

1.5 

16 

3 

7 

3 

17 

- 

0.25 

0.5 

18 

- 

- 

1 

25 

- 

- 

0.5 

26 

- 

2 

1 

27 

2 

3.5 

4.5 

28 

100 

100 

13 

29 

2 

3.5 

5.5 

30 

21 

32 

100 

31 

- 

0.5 

0.5 

32 

16.5 

4.5 

0.25 

38 

- 

1.5 

1 

39 

- 

2.5 

3.5 

40 

1.5 

8 

4 

41 

5 

8.5 

14 

42 

- 

1.5 

4.5 
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TABLE  IV  (continued) 


Ionizing  Voltage 


Filter 


M/E 


PEAK      INTENSITY 


20  V 


None 


70  V 


None 


70  V 


270  nm 


43 

44 
45 
46 
47 
49 
50 
51 
52 
53 
55 
56 
57 


DO 

59 

69 

70 

71 

78 

84 

85 

86 

3 
6.5 


2.5 


5.5 
8 

0.25 
0.25 


0.25 

1 

2 

0.5 

2 


10 
13 

0.25 

0.25 

1 

0.25 

1 

0.25 

0.25 

1.5 

5.5 

4 

1 

0.5 

0.5 

1.5 

1 

1 

1 

1.5 
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TABLE  IV  (continued) 


Ionizing  Voltage 
Filter 

M/E 

PEAK        INTENSITY 

20  V 

70  V 

70  V 

None 

None 

270nm 

1 

2 

3 

87 

98 

99 

142 

0.25 
0.25 
0.25 
0.25 

The  attempt  to  carry  out  a  low  temperature  fractionation  on  the 
photolysis   products  of  N-nitropyrrolidine  was  marred  by  the  presence  o': 
some  CH_C1      in  the  reaction  mixture.    This  was  present  from  the  solvent. 
When  the  data  was  analyzed,  the  peaks  known  to  be  due  to  CH  CI     were 
omitted.    The  remaining  peaks,  all  thought  to  be  representative  of  the 
photolysis    products  are  tabulated  in  Table  V.     No  peaks  below  M/E  23 
were  recorded  because  of  the  mass  range  scales  used  on  the  spectrometer. 
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TABLE  V 
Mass  Spectra  of  Very  Low  Pressure  Gaseous  Products  of  Photolysis  of 
N-Nitropyrrolidine.     Low  Temperature  Fractionation  Attempted  . 


Ionizing  Voltage 
Collection  T°C 
M/E 

PEAK      INTENSITY 

16  V 

70  V 

16  V 

70  V 

-198 

-198 

-100 

-100 

1 

2 

3 

4 

23 

- 

- 

- 

0.5 

24 

- 

- 

- 

0.25 

26 

0.5 

0.5 

1.5 

6 

27 

1.5 

2 

21 

51 

28 

10 

11.5 

A    1 

1  X 

44 

29 

3.5 

2 

43 

52.5 

30 

100 

100 

100 

79 

31 

1 

0.5 

12 

8.5 

32 

1 

0.5 

- 

0.5 

38 

- 

0.25 

- 

5 

39 

- 

1 

2 

33.5 

40 

- 

0.5 

2 

7 

41 

1 

2 

37 

74.5 

42 

1 

0.5 

31 

37 

43 

4.5 

4 

92 

100 

44 

8.5 

29.5 

16.5 

13.5 

45 

- 

0.5 

4 

6 

46 

- 

- 

1.5 

1 

47 

- 

1.5 

9.5 

47.5 

48 

- 

0.5 

11.5 

21.5 
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TABLE  V  (continued) 


Ionizing  Voltage 
Collection  T  C 

M/E 

PEAK      INTENSITY 

16    V 

70  V 

16  V 

70  V 

-198 

-198 

-100 

-100 

1 

2 

3 

4 

49 

3.5 

2 

65 

74.5 

50 

- 

1 

6 

13.5 

51 

3.5 

2 

64 

70.5 

52 

- 

0.25 

0.5 

7 

53 

- 

0.25 

- 

6 

54 

- 

- 

0.25 

13.5 

55 

- 

0.5 

6 

7 

56 

1.5 

1 

55.5 

52.5 

57 

4 

3 

r 

86  .  5 

58 

- 

- 

- 

5 

68 

- 

- 

- 

1 

69 

- 

0.5 

4.5 

7 

70 

- 

- 

4.5 

7 

73 

- 

- 

11.5 

13 

74 

- 

- 

0.5 

2 

75 

- 

- 

- 

1 

76 

- 

- 

- 

1 

77 

- 

0.5 

- 

12.5 

78 

- 

0.5 

8 

14 

79 

- 

0.5 

0.25 

6 

80 

- 

- 

- 

1 

81 

- 

- 

- 

0.25 

82 

- 

- 

- 

5 

83 

0.5 

1 

8.5 

16 
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TABLE  V  (continued) 


■ 

PEAK 

INTENSITY 

.. —i 

Ionizing  Voltage 

Collection  T  C 

M/E 

1 

16  V 

70  V 

1 

J         16  V 

70  V 

-198 

-198 

J         -100 

-100           I 

1 

2 

3             |             4 

84 

2 

3 

69                     50 

85 

0.5 

1 

8.5                 16.5 

86 

0.5 

2 

21.5                80 

87 

0.5 

0.5                   3.5 
6.5                 13 

88 

"™ 

| 

| 

_ 

2 

89 

- 

" 

1 

_ 

2 

98 

1 

2 

99 

1 

2.5 

142 

0.25 

143 

J - 

j ! — 

The  mass  spectral  data  for  the  photolysis  of  N-nitropiperidine  are 

ly  mentioned,  although  the  270  nm 
idered  to  have  been  effec- 


tabulated  in  Table  VI.    As  was  previous 

filter  was  used  for  2  of  the  runs,  it  is  not  cons 

.    m  column  2,  no  peaks  below  M/E  39  were  measured  due  to  the 


tive 

range  scale  in  use 
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TABLE  VI 
Mass  Spectra  of  Very  Low  Pressure  Gaseous  Photolysis  Products  of 
N-Nitropiperidine 


Ionizing  Voltage 
Filter 
M/E 

PEAK       INTENSITY 

70  V 

16  V 

70  V 

None 

270  nm 

270  nm 

1 

2 

3 

12 

1 

- 

14 

32 

64.5 

15 

2 

NOT 

2.5 

16 

6.5 

MEASURED 

9.5 

17 

- 

1 

18 

- 

2.5 

26 

- 

1 

27 

0.25 

2 

28 

32.5 

100 

29 

1.5 

5.5 

30 

100 

4 

31 

1.5 

— 

32 

0.5 

36.5 

39 

0.25 

2 

40 

0.25 

4 

1.5 

41 

0.5 

5 

1.5 

42 

0.5 

5 

1.5 

43 

1 

100 

15 

44 

30.5 

4 

12.5 

55 

1.5 

- 

0.5 

56 

1.5 

J . — . — 

7.5 

1.5 
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TABLE  VI  (continued) 


Ionizing  Voltage 

Filter 
M/E 

PEAK       INTENSITY 

70  V 

16  V 

70  V 

None 

270  nm 

270  nm 

1 

2 

3 

57 
58 
69 
70 
71 
81 
82 
83 
84 
85 
98 
99 
111 
112 

1.5 
1.5 

0.5 

2 

8.5 

1 

1.5 

6 

1.5 

1.5 

0.5 

1 

5 
27.5 

5 

0.5 

4 

0.5 

0.5 

1 

0.5 

The  ratio  of  the  peaks  for  M/E  28  and  30  for  4-methyl- 
nitropiperidine  make  it  obvious  that  the  filter  used  was  no  longer 
effective.    The  mass  spectral  data  is  tabulated  in  Table  VII. 
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TABLE  VII 

Mass  Spectra  of  Very  Low  Pressure  Gaseous  Photolysis   Products  of 
4-Methyl-N-Nitropiperidine 


PEAK 


I  NTENSITY 


Ionizing  Voltage 
M/E 


16  V 


70  V 


12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
26 
27 
28 
29 
30 
31 
32 
36 
37 
38 
39 
40 


NOT 

MEASURED 


2.5 
5.5 

19.5 
100 
4 

10 

11 .5 
1.5 
1.5 
3.5 

15 

23 

30 

12.5 
3 

16.5 
5.5 
1.5 
6 
7.5 

14.5 
3 
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TABLE  VII  (continued) 


Ionizing  Voltage 
M/E 

PEAK 

INTENSITY 

16  V 

70  V 

1 

2 

41 

3 

10 

42 

19.5 

22.5 

43 

100 

95 

44 

8.5 

10 

45 

5 

5 

46 

1.5 

11 

47 

- 

0.5 

48 

- 

0.25 

49 

- 

0.25 

- 

0.25 

51 

- 

0.25 

52 

- 

0.5 

53 

- 

1.0 

54 

- 

0.5 

55 

1.5 

2.5 

56 

5 

.    5 

57 

1.5 

2.5 

58 

77 

65.5 

59 

2 

2.5 

60 

- 

0.25 

69 

1 

1 

83 

0.5 

0.5 

84 

3.5 

4 

85 

0.25 

0.5 
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The  mass  spectral  data  for  the  photolysis  of  N-Hydroxypyrrolidine 
in  the  presence  of  NO  is  given  in  Table  VIII.  Ionizing  voltage  was 
70  V. 

TABLE  VIII 
Mass  Spectrum  of  Very  Low  Pressure  Gaseous  Products  of  Photolysis  of 
N-Hydroxypyrrolidine  in  the  Presence  of  NO. 


M/E 

PEAK  INTENSITY 

13 

0.25 

14 

5 

16 

8.5 

18 

0.5 

25 

0.5 

26 

2.0 

27 

2.0 

28 

100 

29 

3 

30 

8.5 

44 

8.5 
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C.         KINETIC  STUDIES 

The  change  of  the  ultraviolet  spectrum  of  N-nitropyrrolidine  in 
n-heptane  as  photolysis  progressed  is  shown  in  Figures  7  and  8. 
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FIGURE   7. 

ULTRAVIOLET  ABSORBENCE 
vs  . 
PHOTOLYSIS   TIME     (MIN.) 
FOR  N-NITROPYRROLIDINE  IN  N-HEPTANE 
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FIGURE   8. 


ULTRAVIOLET  ABSORBENCE 


vs 


PHOTOLYSIS  TIME  (MIN.)  FOR  N-NITROPYRROLIDINE  IN  N-HEPTANE 

The  change  in  the  ultraviolet  spectrum  of  N-nitropyrrolidine  and 
acrylonitrile  in  n-heptane  with  photolysis  time  is  shown  in  Figures  9 
and  10. 
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FIGURE   9. 

ULTRAVIOLET  ABSORBENCE 

vs. 
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N-NITROPYRROLIDINE  AND 
ACRYLONITRILE  IN   N-HEPTANE 
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FIGURE    10. 

ULTRAVIOLET  ABSORBANCE 
vs. 
PHOTOLYSIS  TIME  (MIN.)    FOR  N-NITROPYRROLIDINE 
AND  ACRYLONITRILE  IN  N -HEPTANE 

The  change  of  the  ultraviolet  spectrum  of  N-Hydroxypyrrolidine  in 
n-hexane  with  photolysis  time  is  shown  in  Figure    11. 
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D.         ATTEMPTED  ADDUCT  FORMATION 

1 .         Photo-adduct  from  Nitropyrrolidine  Photolysis  in 

Acrylonitrile 

a.         Photolysis  without  a  filter 

The  infrared     spectrum  of  the  starting  materials  was 
obtained.    As  photolysis  progressed,  samples  were  withdrawn  and  the  ir 
spectra  of  these  samples  were  obtained.    As  photolysis  progressed,  a 
sharp  peak  at  815  cm       was  seen  to  grow  in.    This  peak  reached  maxi- 
mum intensity  after  4  hours  photolysis  and  then  remained  steady  for  at 
least  the  next  4  hours.    After  24  hours  photolysis,  the  peak  had  largely 
disappeared  but  it  was  present  in  the  ir  spectrum  of  the  brown  solid  and 
yellow  oil  photolysis  products  which  were  obtained  from  acetone  and 
ethanol  extractions  respectively.    The  product  mixture  did  not  yield  any 
adduct  from  the  activity  5  alumina  column  which  was  used  in  the  column 
chromatographic  treatment  of  the  product  mixture. 

After  the  acrylonitrile  had  evaporated,  the  solid  samples 
were     redis  solved   in      dimethylformamide.     Gas  chromatography  on  these 
samples  was     performed  on  the  Bendix  2002  Gas  Chromatography    These 
gas  chromatography  runs  showed  2  broad  peaks  with  smaller  peaks  super- 
imposed which  appeared  in  the  gas  chromatograph  between  100 °C  and 
150 °C.      These  peaks  grew  in  intensity  as  photolysis  time  progressed. 
No  other  products  were  seen  in  the  gas  chromatography  of  the  sample 
mixture. 
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The  nmr  spectrum  of  the  product  mixture  after  45  hours 
photolysis  showed  a  broad  complex  series  of  peaks  at    6  =2.  5  to  6=3.3  (DSS) 

b.  Photolysis  with  the  230  nm  filter 

The  nmr  spectrum  of  the  starting  solution  was  obtained. 
This  showed  the  normal  nitramine  peaks  at     6  =1.7,  a  sextet,  and  3.45, 
a  triplet,  based  on  DSS.    The  acrylonitrile  was  seen  as  a  complex  series 
of  peaks  from      $  =5  . 1  to  6.2. 

After  one  hour  photolysis,  the  nmr  spectrum  showed  a 
broad  flat  peak  at     5=3  .  2  to  2  . 5  with  2  small  peaks  at     6=3  .  0  and  3  .  1 
superimposed.     One  hour's  photolysis  later  these  2  peaks  continued  to 
grow  with  photolysis  time.    At  the  end  of  5  hour's  photolysis,  3  more 
peaks  had  grown  in  at     6=2.7,2.8  and  3.3  based  on  DSS. 

After  10  hour's  photolysis  the  nmr  spectrum  showed 
2  peaks  at     6  =4  #  o  ,  and  4.2,  and  a  complex  group  of  7  peaks  at    6  =3  . 3 
to    6=2.5  (DSS).     This  complex  group  of  peaks  grew  in  intensity  until  at 
the  end  of  25  hour's  photolysis  the  peak  integration  showed  that  approxi- 
mately two-thirds  of  the  nitramine  had  reacted  to  form  the  adduct. 

An  attempt  to  isolate  the  adduct  from  the  product  mix- 
ture failed. 

c.  Photolysis  in  50/50  dioxane-acrylonitrile  solution 
with  2  90  nm  filter 

The  photolysis  products  were  a  yellow  liquid  and  a 
cream  solid  as  stated  earlier  in  the  experimental.    The  liquid  turned  to 
an  orange-yellow  color  on  storage  for  24  hours  in  the  dark.     The  solid 
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products  were  examined  in  the  ir  after  each  stage  of  treatment  with  hep- 
tane and  CHC1    .    No  evidence  of  an  adduct  was  found.    The  liquid 
phase  also  showed  no  evidence  of  the  adduct. 

2  .         Dark  Phase  Adduct  of  Photolysed  Dinitropiperazine  and 
Acrylonitrile 

The  nmr  spectrum  of  the  suspected  adduct  is  shown  in 
Figure  12.    As  mentioned    earlier  in  the  experimental,  no  adduct  was 
recovered  from  the  column  chromatography  attempt.    The  white  crystal- 
line product  obtained  showed  an  nmr  spectrum  indicated  that  it  was 
probably  dinitropiperazine.    The  melting  point  was  212°C  after  softening 
at  185°C  to  190°C.    The  infrared     spectrum  was  identical  to  that  for 
pure  dinitropiperazine  except  that  the  broad  peak  at  3400  cm      was  much 
larger,  a  broad  peak  occurred  at  1610  cm      and  less  detail  was  apparent 
in  the  region  from  1300  cm      to  400  cm 

E.  NUCLEAR  MAGNETIC  RESONANCE  SPECTROSCOPY  STUDIES 

OF  SUSPECTED  INTERMEDIATES 
1 .         N  -Hydroxy  pyrrolidine 

The  nmr  spectrum  of  N-hydroxypyrrolidine  showed  the 
following  peaks  relative  to  TMS:     6  =7.5  Singleton  -  area  1; 
2.65  Sextet  -  area  3;  1.15  Quintet  -  area  3. 

There  were  also  small  peaks  at  6  =7.0  and  near  1.45  due  to 
small  amounts  of  2-pyrrolidone  formed  by  air  oxidation  of  the 
hydroxy  lam  ine . 
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After  16  hours  photolysis,  the  nmr  spectrum  showed  the  dis- 
appearance of  the  2-pyrrolidone  and  a  new  broad  peak  had  appeared  at 
5=4.2.    This  peak  disappeared  after  24  hours  at  room  temperature. 

2 .  N-Hydroxypyrrolidine/NO 

The  only  apparent  difference  in  the  nmr  from  the  case  above 
was  that  the  peak  at    <5  =4 . 2  did  not  grow  in  as  quickly  during  photolysis 
in  the  presence  of  NO. 

3 .  2-Pyrrolidone 

The  nmr  spectrum  of  2-pyrrolidone  showed  the  following 
peaks  relative  to  TMS: 
6=7.0    Broad  Singlet  -  area  1 
2.55  Triplet  -  area  4 
1.45  Quintet  -  area  2. 

After  16  hours  photolysis,  there  was  no  detectable  change 
in  the  nmr  spectrum  although  the  2-pyrrolidone  had  visibly  yellowed. 

4 .  1-Pyrroline 

The  nmr  spectrum  of  the  nitron e  in  CDC1~  showed  the  follow- 
ing peaks  relative  to  TMS: 

6=  7.5    Singlet  -  area  1 

2.8  Quartet   -  area  4 
(2  small) 
(2  large) 

1.4  Singlet  -  area  1 

1 .  2  Quintet  -  area  4.5. 
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The  2  large  peaks  centered  at     5=2.8  with  reference  to  TMS 
were  found  to  be  at    fi  =3 . 0  and   5  =3.1  in  acetonitrile  with  DSS  as  a 
reference. 

F.  INFRARED     SPECTRUM  OF  THE  GASEOUS  PHOTOLYSIS  PRODUCTS 

OF  DINITROPIPERAZINE 
The  infrared     spectrum  of  the  gaseous  photolysis  products  showed 


Broad  peak  -  moderate 

Broad  peak  -  strong 
sharp  spike  at  2220 

Sharp  peak  -  strong 

Single  peak  -  moderate 

Single  peak  -  strong 


G.         THERMAL  SENSITIVITY  OF  DINITROPIPERAZINE 

A  plot  of  the  weight  loss  of  dinitropiperazine  (log)  against  the 
reciprocal  of  temperature  is  shown  in  Figure  13.    An  Arrhenius  calculation 
gives  an  energy  of  thermal  decomposition  or  of  sublimation  of  2815 
cal/mole . 

H.         IMPACT  SENSITIVITY 

The  impact  sensitivity  testing  of  dinitropiperazine  led  to  a  value 
of  115  cm  for  the  50%  point  (50%  chance  of  explosion) . 

I.  NON-GASEOUS  PHOTOLYSIS  PRODUCT  IDENTIFICATION 

The  infrared     spectrum  of  X  is    included  as  Figures    14   and    15. 
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THERMAL  STABILITY  OF  N,  N-DINITROPIPERAZINE, 
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V.      DISCUSSION 

The  electron  spin  resonance  spectra  obtained  for  the  photolysis 
of  nitramines  makes  it  apparent  that  the  first  step  of  the  photo-decom- 
position must  involve  the  nitroxide .    This  step  should  also  generate  NO 
gas  which  would  then  be  obvious  in  the  mass  spectra  of  the  gaseous 
products.    The  very  large  peak  of  M/E  30  in  the  gaseous  photolysis 
products  spectra  obtained  when  an  effective  filter  was  used  during 
photolysis  would  seem  to  confirm  this. 

In  the  absence  of  a  filter,  the  NO  gas  formed  would  take  part  in 
photochemical  smog  reactions  and  the  relative  amount  of  this  gas  would 
be  expected  to  decrease.    An  increase  in  the  relative  amounts  of  N2 
(M/E  28)  and  0      (M/E  32)  would  be  expected  to  accompany  the  decrease 
in  the  NO  gas.    This  trend  is  seen  in  the  mass  spectra  of  N,N-dinitropi- 
perazine  (Table  III)  and  N-nitropyrrolidine  (Table  IV).     Large  peaks 
would  also  be  expected  at  M/E  44  because  of  the  productionof  ^0  and 

CO     from  interaction  of  NO  with  itself  and  with  stable  organic  products. 

2  * 

This  peak  is  seen  in  all  of  the  mass  spectra. 

On  the  basis  of  the  mass  spectral  and  esr  data,  it  seems  likely 
that  the  first  step  of  the  photo-decomposition  of  nitramines  must  involve: 


n~ — NO- 


JUd__>        \ — o  +    no 
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This  is  in  contrast  to  the  mechanisms  proposed  by  Suryanarayana 
[6]    andTorbit    [8]   for  the  photolysis  of  HMX.    Since  the  nitroxide 
radical  has  been  obtained  from  the  photolysis  of  HMX,  it  would  appear 
that  the  mechanisms  they  proposed  for  the  photo-decomposition  are 
incorrect  as  seen  by  these  additional  measurements. 

Dupeyre   [13]     and  Ingold    [28]   have  suggested  that  the  nitroxide 
formed  should  undergo  a  bimolecular  reaction  to  give  the  nitrcne  and  the 
hydroxyzine.     Upon  further  photolysis  the  hydroxyzine  would  be 
expected  to  give  more  nitroxide    [10]    and  hence  would  not  be  isolable. 
The  nitrone,  however,  should  be  capable  of  being  detected  and  trapped. 

Synthesis  of  the  nitrone  allowed  determination  of  its  ir,  uv,  and 
nmr  spectra.     If  the  nitrone  is,  in  fact,  an  intermediate,  an  absorption 
band,  at  240  nm  should  be  shown  in  the  ultraviolet  spectrum  of  the 
photolysis  Products.    For  a  true  intermediate,  this  band  would  be  ex- 
pected to  grow  in  and  then  die  out  slowly  ,s  the  nitrone  is  formed  and 
^converts  photochemically  to  other  products.    This  growth  and  decay 
of  absorption  at  240  nm  is  seen  in  Figures  9  and  10:  "The  photolysis  of 
N-Nitropyrrolidine  in  n-Hexane."  The  nitrone  shows  a  strong  absorption 
in  the  ir  at  about  1600  cm"1.    No  great  change  was  seen  in  the  absorp- 
tion at  this  wavelength  during  the  photolysis  of  N-Nitropyrrolidine. 
This  is  not  considered  proof  that  the  nitrone  was  not  present;  however, 
since  the  uv  spectra  indicate  that  no  large  concentrations  of  nitrone  are 
achieved.    It  should  also  be  noted  that  acrylonitrile  was  present  during 
the  photolysis  studied  in  the  ir  in  an  effort  to  trap  the  nitrone.    The  band 


72 


which  grew  in  at  815  cm"1  does  not  come  from  the  nitrone  but  from  an- 
other product  which  was  later  isolated.    The  nitrone  absorption  at 
1600  cm"1  appears  strongly  in  the  crude  photolysis  products  in  all 

cases . 

In  the  nmr,  peaks  indicative  of  the  nitrone  should  be  seen  at 
6   =3  .  0  and  3  . 1  (DSS) .    These  peaks  ,  in  the  proper  ratio ,  were  seen  in 
the  nmr  spectrum  of  the  photolysis  of  N- nitropyrrolidine.     It  should  be 
possible  to  trap  the  nitrone  by  formation  of  the  photo-  or  dark  phase 
adduct  of  this  intermediate  with  a  compound  containing  a  polarizable 
double  band   [29]    .      This  was  in  fact  done  by  these  authors  and 
others,     [15]    ,     [30]  ,  [31].     Ingold [28]  found  it  very  difficult  to  isolate 
these  adducts.    This  author  also  had  difficulty  isolating  adducts  from 
the  dark  phase  or  photo-adduct  formation  attempts.     Suspected  adducts 
were  seen  in  the  nmr  in  the  case  of  dinitropiperazine  (dark  phase  adduct) 
and  nitropyrrolidine  (photo-adduct),  but  these  could  not  be  isolated. 
This  is  believed  to  be  due  to  the  presence  of  NO  in  the  reaction  mixture 
and  to  the  separation  techniques  employed.     NO  should  act  as  a  catalyst 
in  the  polymerization  of  acrylonitrile  and  large  amounts  of  what  appeared 
to  be  polyacrylonitrile  formed  in  some  photo-adduct  formation  attempts. 
Such  formation  would  be  expected  to  inhibit  the  formation  of  adducts 
from  acrylonitrile  and  the  nitrone.    The  use  of  activated  alumina  columns 
may  have  caused  reversal  of  adduct  formation.    This  is  especially  sus- 
pected in  the  case  of  the  dark  phase  adduct  of  dinitropiperazine 
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where  the  ir  and  nmr  spectra  of  products  obtained  from  the  column 
showed  the  probable  presence  of  the  mononitramine-mono-nitrone. 

Kaminsky  and  Lamchen    [15]    have  shown  that  photolysis  of  the 
nitrone  leads  to  the  oxaziridine.    Since  this  compound  does  not  absorb 
in  the  uv  between  210  nm  and  320  nm,  the  formation  would  be  expected 
to  be  accompanied  by  a  decrease  in  the  absorption  in  this  region.    In 
the  photolysis  of  N-nitropyrrolidine,  a  decrease  in  the  absorption  at 
240  nm  (nitrone)  was  observed.     It  was  also  observed  that  absorption 
at  260  nm  increased  with  photolysis.    This  was  shown  to  be  due  to  the 
solvent  and  not  attributable  to  the  nitramine  photolysis  products.    The 
oxaziridine  cannot  be  isolated  and  was  not  synthesized  independently. 
Thus  its  existence  in  the  reaction  path  can  only  be  suggested  from  the 

experience  of  others    [15]  . 

Kaminsky  and  Lamchen,  in  the  same  reference,  also  suggested 
the  mechanism  given  in  the  Historical  section  of  this  report  for 
the  photolysis  of  nitrones.  If  this  mechanism  was  correct,  the  final 
products  would  be  2-pyrrolidone,  I,  and  N-formylazetidine,  II. 
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The  latter  is  unknown. 
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2-pyrrolidone  would  be  expected  to  undergo  further  photolysis 
through  Norrish  Type  I  or  Type  II  reactions    [3  2] 
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It  is  also  possible  that  the  2-pyrrolidone  formed  would  polymerize 
in  the  presence  of  free  radicals  resulting  in  a  high  molecular  weight 

amino  acid  or  amide. 

The  published  mass  spectra  of  2-  pyrrolidone    [33]    and  azetidine 
[341    contain  no  peaks  which  do  not  occur  in  the  gaseous  photolysis 
products  of  N-nitropyrrolidine.     If  the  Norrish  mechanisms  do  In  fact 
occur,  the  peaks  at  M/E  85,  57,  41.  and  16  should  occur  in  the  mass 
spectrum  of  the  photolysis  products  of  N-nitropyrrolidine.    These  peaks 
do  occur.     Using  the  same  mechanism  applied  to  the  case  of  N-nitropi- 

,        f  aa/t  qq     71     55     and  16  should  and  do  occur. 
peridine,  the  peaks  at  M/x,  99,   /i,  ** «  <*I1U 

The  mass  spectrum  in  this  case  is  also  consistent  with  the  presence  of 
2-piperidone    [33]    and  pyrrolidine  [34]    as  would  be  required  in  the 
Norrish  rearrangements.    The  same  concurrence  of  peaks  does  not  occur 
in  the  case  of  4-methyl-l-nitropiperidine.    This  may  indicate  a  different 
mechanism  in  this  case  or  a  fortuitous  coincidence  in  the  case  of 
N-nitropiperidine. 
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The  solid  reaction  products  may  or  may  not  be  predicted  by  the 
mechanism  above  depending  on  the  importance  of  polymerization  in  the 
mechanism.    The  yellow  oil  obtained  £rom  the  photolysis  of  N-nitro- 
pyrrolidine  had  an  ir  spectrum  very  similar  to  that  of  yellow  cils  obtained 
from  the  photolysis  of  N.N-dlnitroplperazine  and  HMX.    Since  very  little 
information  could  be  obtained  below  1300  cm"1  due  to  the  scarcity  cf 
peaks  in  this  region,  the  actual  identity  of  these  oils  could  not  be  ob- 
tained spectroscopic^  and  no  further  identification  was  attempted.    It 
is  of  interest  though,  that  a  yellow  oil  obtained  from  purification  of 
i-pyrroline  had  an  identical  ir  spectrum  from  4000  cm"1  but  lacked  the 
sharp,  large  peak  which  occurred  at  1340  cm"1    in  oils  obtained  from  the 

nitr^  mines . 

The  occurrence  of  X  as  a  reaction  product  for  N  .N-dinitropiperazine, 

N-nitropyrrolidine,  and  N-nitropiperidine  may  be  a  key  to  the  mechanism 


beyond  the  nitrone.    All  threat  these  nitramines 
given  below: 


have  the  same  structure 


for       N,  N-dinitropiperazine 


R=  N-N0 


?; 


r  =  bond  between  adjacent  carbons 
R  =  CH, 


N-nitropyrrolidine 

N-nitropiperidine  *      ^"2 

X  may  thus  be  a  product  which  requires  one  of  the  following 

structures  for  formation: 
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where  a,b,m,n  =0,1,2  independently.    An  examination  of  the  solid 
photolysis  products  of  HMX  failed  to  yield  X.    Examination  of  the  ir  spec- 
trum of  X  [35],  [36],  leads  to  the  belief  that  it  may  be  an  amide.    The  ab- 
sence of  a  band  near  1700  cm"     is,  however,  suspect.   A  comparison  of 
the  characteristic  regions  of  the  ir  spectra  of  X  and  sorbitol  reveals  a 
very  great  similarity.    This  leads  to  the  possibility  that  X  is  a  polyhydroxy 
compound.     The  negative  Schiff's  test  on  the  periodate  treated  solution  of 
X  tends  to  lead  to  the  belief  that  if  it  is  a  polyol,  the  hydroxyl  groups 
are  not  adjacent.     On  the  basis  of  the  information  from  the  ir  spectrum, 
the  inability  to  obtain  an  nmr  spectrum,  the   lack  of  detail  in  the  uv  spec- 
trum and  the  poor  melting  point  available,  it  is  not  possible  to  assign 

any  definite  structure  to  X. 

On  the  basis  of  the  evidence  obtained  spectroscopically  and  the 
work  of  earlier  authors,  the  following  mechanism  for  the  photolysis  of 
N-nitropyrrolidine  is  suggested. 
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